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We study the χc1 → ηpi
+pi− decay, paying attention to the production of f0(500), f0(980) and
a0(980) from the final state interaction of pairs of mesons that can lead to these three mesons in the
final state, which is implemented using the chiral unitary approach. Very clean and strong signals
are obtained for the a0(980) excitation in the ηpi invariant mass distribution and for the f0(500) in
the pi+pi− mass distribution. A smaller, but also clear signal for the f0(980) excitation is obtained.
The results are contrasted with experimental data and the agreement found is good, providing yet
one more test in support of the picture where these resonances are dynamically generated from the
meson-meson interaction.
PACS numbers:
I. INTRODUCTION
The χc1 → ηπ+π− reaction has been measured by the
CLEO collaboration in Ref. [1] and is presented as the re-
action where a cleanest signal for the a0(980) resonance
is seen. Indeed, a neat and strong peak is observed in
the ηπ invariant mass distribution, peaking around the
KK¯ threshold and with the characteristic strong cusp
structure of this resonance, as observed in other high
statistics experiments [2]. What makes this experiment
singular is that the strength of the peak is much big-
ger than the rest of the distribution at other ηπ invari-
ant masses. The complementary π+π− mass distribution
shows a clear contribution from the f0(500) resonance at
lower invariant masses, a dip in the region of the f0(980)
and also a strong peak for the f2(1270) resonance and
of the f4(2050) at larger invariant masses. The reaction
has been remeasured with much more statistics by the
BESIII collaboration and is presently under internal dis-
cussion. A preliminary view of the results is available
in Ref. [3], where in the region of the f0(980) a small
peak seems to show up followed by a dip around 1070
MeV. This hence constitutes a clear case for a test of the
ideas of the unitarized chiral perturbation theory, the
chiral unitary approach. In this approach the input from
chiral Lagrangians [4] for the meson-meson interaction
is used in a coupled channels Bethe Salpeter equation,
from where the f0(500), f0(980) and a0(980) resonances
emerge [5–8]. They are dynamically generated from the
meson-meson interaction and would qualify as meson-
meson molecular states. The same results are obtained
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using an equivalent unitarizing method, the inverse am-
plitude method, in Refs. [9, 10].
The nature of the low energy scalar mesons has gen-
erated a long controversy [11]. Yet, other different ap-
proaches which start from a seed of qq¯ for these reso-
nances, also get a large meson-meson component for these
states as soon as this seed is coupled to two mesons and
the mesons are allowed to interact in a realistic scheme
fulfilling unitarity [12–15]. A thorough recent review on
these issues can be found in Ref. [16], presenting theoret-
ical arguments and abundant experimental information
that support the picture of the dynamical generation of
these resonances and its clear difference from qq¯ states.
The chiral unitary approach not only provides a pic-
ture for these resonances, it also allows to make clean
predictions for any reaction where these resonances are
produced, providing, in the worse of the cases, when not
enough dynamical information is available for the process
studied, ratios for the production of the different reso-
nances. This is a remarkable property of this approach
that is not shared by other theoretical approaches try-
ing to interpret the data. Hence experimental data could
easily disprove the model, but so far this has not been the
case in spite of the many reactions studied (see a recent
review of B and D decays where many such reactions
are analyzed and discussed [17]). Two of the most recent
cases are the B0 and B0s decays into J/ψπ
+π− measured
in Ref. [18] and analyzed in Ref. [19] (see Refs. [20, 21]
for a different approach based on the use of form fac-
tors) and the D0 decay into K0 and the f0(500), f0(980)
and a0(980) measured in Ref. [22] and analyzed in Ref.
[23] (see Ref. [24] for also an approach based on form
factors). Yet, the present reaction, with its spectacular
signal for a0(980) production, a large signal for f0(500)
and the small signal for the f0(980), all seen in the same
reaction, is a case that should not be missed to challenge
this theoretical approach. The purpose of the present pa-
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FIG. 1: χc1 → ηpi
+pi− process with the quantum num-
bers of the particles produced. The pi+pi− pair combines to
f0(500), f0(980) and f2(1270).
per is to make the theoretical study of the process along
the lines of the chiral unitary approach, to confront the
results with the relevant data already existing and even-
tually predict some features that could also be detected
with the coming analysis from the BESIII large statistics
experiment.
II. FORMALISM
The χc1 → ηπ+π− decay is depicted in Fig. 1 with
the quantum numbers of the different particles. The χc1
has IG(JPC) ≡ 0+(1++) and the η, 0+(0−+). The con-
servation of quantum numbers indicates that the π+π−
pair must have isospin I = 0, C-parity positive and G-
parity positive. In addition, since the χc1 has spin 1 we
need one unity of spin or angular momentum in the final
state. Since neither of the final η, π+, π− has spin, we
need to form a scalar with the polarization vector of the
χc1 and a momentum of one of the mesons. We can have
a structure like
V1 = A~ǫχc1 · ~pη,
V2 = B~ǫχc1 · ~ppi+ , (1)
V3 = C~ǫχc1 · ~ppi− .
Let us take the first structure of V1. The ~pη coupling
introduces L = 1 and forces the π+π− pair to also have
positive parity. With these quantum numbers, the π+π−
pair can be 0+(0++), 0+(2++), and then can produce the
resonance f0(500), f0(980) and f2(1270), which are well
known resonances.
Let us single out the term of V2 in Eq. (1). Now it is
the π+ the one that carries L = 1. We write for this term
another diagram in Fig. 2. Now the ηπ− system must
have I = 1 and positive parity. The angular momentum
of π−η can be L′ = 0, 2 and then we can have as primary
choice a0(980) production and in the analysis of Ref. [1]
they also allow a2(1320) formation.
As we can see, we can produce f0(500), f0(980) and
a0(980) in the same reaction and there is still one more
symmetry that we must consider and which, together
with the ingredients of the chiral unitary approach, will
allow us to establish the connection between the produc-
tion of any of them in this reaction. The symmetry that
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FIG. 2: χc1 → ηpi
+pi− process with the quantum numbers
of the particles produced. The pi−η pair combines to a0(980)
and a2(1320).
we invoke is SU(3) symmetry. Since the χc1 is a cc¯ state,
with respect to the u, d, s quarks, it behaves as a neutral
system, it is a scalar of SU(3). Thus, we must construct
a scalar of SU(3) with three pseudoscalar mesons. This
means that we will inevitably mix the ηπ+π− with other
three meson states that can appear in the χc1 decay. This
will occur at a primary step of the χc1 decay, but then
the mesons will interact in coupled channels and finally
produce the ηπ+π− in a final step.
In order to see the proper combination of three mesons
that lead to a SU(3) scalar, we introduce the qq¯ matrix
M
M =

 uu¯ ud¯ us¯du¯ dd¯ ds¯
su¯ sd¯ ss¯

 =

 ud
s

( u¯ d¯ s¯ ) . (2)
This matrix has the property
MMM
=

 ud
s

( u¯ d¯ s¯ )

 ud
s

( u¯ d¯ s¯ )

 ud
s

( u¯ d¯ s¯ )
=

 ud
s

( u¯ d¯ s¯ ) (u¯u+ d¯d+ s¯s)2
= M(u¯u+ d¯d+ s¯s)2. (3)
Since (u¯u + d¯d + s¯s) is a SU(3) scalar, then the scalar
that we form with the combination of Eq. (3) is
Trace[M(u¯u+d¯d+s¯s)2] = (u¯u+d¯d+s¯s)3 = Trace[MMM ].
Next we write the matrixM in terms of the pseudoscalar
mesons, taking into account the ηη′ mixing [25] and we
obtain [26]
3M → φ ≡


1√
2
π0 + 1√
3
η + 1√
6
η′ π+ K+
π− − 1√
2
π0 + 1√
3
η + 1√
6
η′ K0
K− K¯0 − 1√
3
η +
√
2
3η
′

 . (4)
Then, the combination of three mesons that behaves as
a SU(3) scalar is given by
SU(3)[scalar] ≡ Trace(φφφ). (5)
By performing the algebra involved in Eq. (5) and iso-
lating the η term we find the combination
C1 : η
(
6√
3
π+π− +
3√
3
π0π0 +
1
3
√
3
ηη
)
. (6)
Thus, when taking the structure of V1 of Eq. (1), apart
from a η in P -wave we shall have a π+π−, π0π0 or ηη
produced in the primary step which will undergo final
state interaction to produce a π+π−. The η will in prin-
ciple interact with the pions but this would involve a
P -wave, where the interaction is very weak and negligi-
ble in the energy region of interest to us [27]. We shall
explicitly take into account the ππ or ηη interaction in
S-wave [5], which will give rise to the f0(500), f0(980)
resonances. We shall take into account the contribution
of the f2(1270) empirically. The f2(1270) appears within
the chiral unitary approach as a bound state of ρρ in
S-wave [28, 29] and decays into ππ in D-waves. This
resonance gives a small contribution in the π+π− distri-
bution in the region of the f0(500) and f0(980) that we
are concerned about, and we take it into account to allow
for a proper comparison with the data.
Similarly, if we isolate one pion to carry the P -wave,
taking for instance the term V2 in Eq. (1), then we find
the combination
C2 : π
+
(
6√
3
π−η + 3K0K−
)
(7)
and equivalently the term with V3 in Eq. (1) comes with
the combination
C3 : π
−
(
6√
3
π+η + 3K+K¯0
)
. (8)
Once again, we shall now allow the πη in each of these
combinations to interact in S-wave, which will give rise
to a big signal of the a0(980). Note that in the C2 and C3
combinations, the πη interaction in P -wave is negligible,
and since the ππ system is necessarily produced in I = 0,
then it can not interact in P -wave either (in fact there is
no trace of ρ production in the experiment).
In the present process, we shall have the combination
of the three structures of Eq. (1) and then the primary
amplitude will be of the type
t = A ~ǫχc1 · ~pη +B ~ǫχc1 · ~ppi+ + C ~ǫχc1 · ~ppi− , (9)
+
χc1
η
pi+
pi−
χc1
η
pi+
pi−
(a) (b)
FIG. 3: Production of ηpi+pi− through tree level (a) or rescat-
tering (b) of pi+pi− pair.
and the first thing to note is that there is no interference
between these terms. Indeed, the crossed terms in |t|2
after averaging over the polarization of the massive χc1
state go as
∑
2Re(AB∗)~ǫχc1 · ~pη ~ǫχc1 · ~ppi+
=2Re(AB∗)
1
3
δijpηippi+j =
2
3
Re(AB∗)~pη · ~ppi+ , (10)
which will vanish upon integration over angles in phase
space. Thus, for |t|2 we shall have the sum of the squares
of each amplitude in Eq. (9) which are described below.
Next, we must take into account the final state inter-
action. For the process corresponding to V1 of Eq. (1)
we can have ηπ+π− in the final state by considering the
C1 combination of Eq. (6) as depicted in Fig. 3. We will
have
tη = (~ǫχc1 · ~pη) t˜η, (11)
with
t˜η = VP
(
hpi+pi− +
∑
i
hiSiGi(Minv)ti,pi+pi−
)
, (12)
where
hpi+pi− =
6√
3
, hpi0pi0 =
3√
3
, hηη =
1
3
√
3
(13)
are the weights of Eq. (6) and Si are symmetry and
combination factors for the identical particles,
Spi0pi0 = 2×
1
2
(for two π0); Sηη = 3!
1
2
( for three η).
(14)
The functions Gi and ti,pi+pi− are the meson-meson loop
functions and scattering amplitudes, which we take from
Ref. [5] updated in Ref. [19, 23].
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FIG. 4: Production of pi+ηpi− through tree level (a) and
rescattering (b) of ηpi− pair.
Similarly, corresponding to V2 of Eq. (1), we would
have the mechanism depicted in Fig. 4. The amplitude
corresponding to the diagrams of Fig. 4 is given by
tpi+ = (~ǫχc1 · ~ppi+) t˜pi+ , (15)
with
t˜pi+ = VP
(
hpi−η +
∑
i
hiGi(Minv)ti,pi−η
)
, (16)
and
hpi−η =
6√
3
, hK0K− = 3. (17)
For the process associated to V3 of Eq. (1), we would
have 1
tpi− = (~ǫχc1 · ~ppi−) t˜pi− , (18)
with
t˜pi− = VP
(
hpi+η +
∑
i
hiGi(Minv)ti,pi+η
)
, (19)
and
hpi+η =
6√
3
, hK¯0K+ = 3. (20)
As mentioned before, the interaction of the meson that
comes with the P -wave with any of the other two, should
proceed in P -wave, which is negligible for πη and zero for
ππ which have been created in I = 0. This makes the
interpretation of the signals particularly easy in this case,
since they come from either the ππ or ηπ interaction in
S-wave.
The amplitudes for ππ,KK¯, πη interaction are taken
from Refs. [19, 23], where only the neutral components
are considered. Here we also need the charged compo-
nents, which can easily be obtained using isospin sym-
metry and we find [30]
tK0K−,pi−η =
√
2tK+K−,pi0η,
tK+K¯0,pi+η =
√
2tK+K−,pi0η, (21)
tpi+η,pi+η = tpi−η,pi−η = tpi0η,pi0η.
1 The diagrams are similar to those of Fig. 4.
With all these ingredients we can write the differential
mass distribution for π+π− as
dΓ
dMinv(ππ)
=
1
(2π)3
1
4M2χc1
1
3
p2ηpη p˜pi
∣∣t˜η∣∣2 , (22)
where pη is the η momentum in the χc1 rest frame
pη =
λ1/2(M2χc1 ,m
2
η,M
2
inv(ππ))
2Mχc1
, (23)
and p˜pi is the pion momentum in the π
+π− rest frame
p˜pi =
λ1/2(M2inv(ππ),m
2
pi ,m
2
pi)
2Minv(ππ)
. (24)
For the case of πη invariant mass we would sum the
contributions of π+η and π−η, which would give the same
contribution, hence, the formula for dΓdMinv(piη) , to be com-
pared with experiment, will be
dΓ
dMinv(πη)
=
2
(2π)3
1
4M2χc1
1
3
p2pippip˜η
∣∣t˜pi+∣∣2 , (25)
where now
ppi =
λ1/2(M2χc1 ,m
2
pi,M
2
inv(πη))
2Mχc1
, (26)
p˜η =
λ1/2(M2inv(πη),m
2
pi ,m
2
η)
2Minv(πη)
. (27)
The factor VP is the only unknown quantity in our ap-
proach, which provides a global normalization, and it is
fitted to the data. Note that the factors A,B and C in
Eq. (1) are absorbed in factor VP .
In principle we could have summed all the amplitudes
and use the general d
2Γ
dMinv(pipi) dMinv(piη)
formula, integrat-
ing over each of them to find the invariant mass distribu-
tion of the other pair. In practice, we find it unnecessary
for the comparison of our results with data in the rele-
vant region of invariant masses. The reason can be seen
in the Dalitz plot that we show in Fig. 5
If we consider dΓdMinv(piη) in the region of the a0(980),
the ππ invariant mass has a range between 500 MeV and
2800 MeV. So its strength is divided over a large range of
ππ invariant masses, providing a smooth background in
the ππ mass distribution. We will take this into account
empirically, following the analysis of Ref. [3].
There is another element to consider. We have taken
the πη invariant mass from the interacting pair of Fig.
4(b). Since, one is summing π+η, and π−η distributions,
one would also have to account for the invariant mass
distribution of the η with the odd pion carrying the P -
wave. Yet, it is easy to see where this mass distribution
goes. Indeed, using the property
m212 +m
2
13 +m
2
23 =M
2
χc1 +m
2
pi +m
2
pi +m
2
η,
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FIG. 5: Dalitz plot for the χc1 → ηpi
+pi− decay.
taking m23 = 980MeV and m12 ≃ 1200MeV (in the mid-
dle of the phase space allowed in the Dalitz plot), we
find m13 ≃ 2968MeV, which is very far away from the
region of the a0(980) and does not disturb the shape and
strength of the a0(980).
Similarly, we will find a large contribution in the ππ
invariant mass distribution from the f0(500) (σ meson).
Once again, by looking at the Dalitz plot, we see the
strength is distributed in a region of πη invariant masses
from 1200 MeV to 3400 MeV, again a large region of
invariant masses, but the most important for our discus-
sion is that it does not contribute below the peak of the
a0(980). Thus, the signal for the a0(980) is clean and easy
to interpret, coming basically from the πη interaction.
III. RESULTS
In Fig. 6, we show our results for the πη invariant
mass distribution. The parameter VP has been adjusted
to the strength of the experimental preliminary data of
BESIII at its peak [3]. As we can see, both the theory and
the experiment show the typical huge cusp form of the
a0(980). The agreement of our results with experiment
is quite good, and some missing strength from 1100 MeV
on can be clearly attributed to background from other
sources. As we mentioned before, one does not see in
the experiment much trace of a background below 1000
MeV.
In Fig. 7 we plot the invariant mass distribution for
the π+π−, using the same VP factor determined before.
What we see is a relatively large strength for the pro-
duction of the f0(500) and a small contribution from the
f0(980). The experiment reflects both, a broad peak in
the f0(500) region, and a rapid increase of the distribu-
tion in the region of 980 MeV. Our contribution of the
f0(980) is rather sharp, while the experiment has a reso-
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FIG. 6: piη invariant mass distribution for the χc1 → ηpi
+pi−
decay. Preliminary BESIII data from Ref. [3].
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FIG. 7: pipi invariant mass distribution for the χc1 → ηpi
+pi−
decay. Preliminary BESIII data from Ref. [3]. The dashed
line is the theoretical prediction. The solid line adds an em-
pirical background(see text).
lution of 20 MeV, and the raise of dΓdMinv(pipi) around 980
MeV is not so sharp. We should note that the strength of
the f0(500) at its peak is about 110 events/10 MeV, com-
pared to 560 events/10 MeV of the a0(980) at its peak.
The signal for the a0(980) is thus quite big. Even inte-
grating the strength of the a0(980) up to 1200 MeV and
the one of the f0(980) up to 1000 MeV, we find a strength
for the a0(980) almost 2.7 times bigger than that of the
f0(980).
It is interesting to recall that the features of the ππ
6mass distribution are remarkably similar to those of the
J/ψ → ωππ reaction measured in Refs. [31, 32], which
was studied along similar lines as here in Refs. [33, 34].
The features observed here are also similar to those
observed in the B¯0 decay into D0 and f0(500), f0(980)
and a0(980) [35], yet the relative strength of the struc-
tures found is different, and is related to the weight of
the different meson-meson components prior to the final
state interaction. The fact that one describes all these
reactions with this picture, and the chiral unitary ap-
proach for the meson-meson interaction, offers support
for the picture of these resonances as dynamically gener-
ated from the meson-meson interaction. Together with
other reactions mentioned in the Introduction, the sup-
port for this picture is, indeed, remarkable.
To facilitate the comparison with the data, we have
added a background, very similar to the one of Ref. [3]
coming from the a0(980) peak, and which we have taken
linear in the invariant mass for simplicity. In addition,
to account for the tail of the f2(1270), which shows up
in Fig. 7 at high invariant masses, we have taken a Breit
Wigner shape, with physical mass and width, and ad-
justed the strength to reproduce the data around 1100-
1200 MeV. The agreement with the ππ mass distribution
is quite good, with some discrepancy around 1000-1040
MeV. As mentioned above, the data shows a fast raise
around 980 MeV as our theory predicts, only that the
theoretical raise is sharper than experiment, where data
are collected in bins of 20 MeV. On the other hand, the
data shows a peak around 1040 MeV that the theory can-
not reproduce, even if we convolute the f0(980) signal
with the experimental resolution. The discrepancy is in
two experimental points and it would be worth checking
whether this is just a fluctuation or a genuine peak. We
should note that in Ref. [1], the data, with admittedly
smaller statistics, one does not see a structure around
1000-1060 MeV like in Ref. [3].
In any case, the data of Ref. [3] is also telling us that
the strength of the f0(980) is far smaller than the one of
the f0(500), as the theory predicts. It would be interest-
ing to see what comes out from the final analysis of Ref.
[3], which motivated our work. A partial wave analysis
can separate the contribution of the different structures,
allowing for a more quantitative comparison with our re-
sults.
IV. CONCLUSIONS
We have made a study of the χc1 → ηπ+π− reaction,
looking at the π+π− and ηπ invariant mass distributions.
We have used a simple picture to combine the mesons to
give a singlet of SU(3), which corresponds to the cc¯ na-
ture of the χc1. This gives us the relative weights of
three mesons at a primary production step, which can
revert into the ηπ+π− in the final state upon interac-
tion of pairs of mesons in coupled channels. We have
used the chiral unitary approach to describe this inter-
action, which generates the f0(500), f0(980) and a0(980)
scalar mesons. The interesting feature of the approach
is that, up to a global normalization constant, we are
able to construct the ππ and ηπ invariant mass distribu-
tions and compare with the experimental data available.
We observed a prominent signal of the a0(980) produc-
tion with a relative strength to the other two resonances
much bigger than in other reactions studied previously.
We also observed a clear signal for f0(500) production
in the π+π− mass distribution, and also a clear signal
for f0(980) production, but with much smaller strength.
The agreement with experiment is quite good in the two
invariant mass distributions up to about 1040 MeV, once
a background borrowed from the experiment is imple-
mented in the ππ distribution. We also justified that no
background for the ηπ distribution was needed in that
energy range.
We noted some small discrepancy with the data around
1040 MeV that could be given extra attention in the final
analysis of the work of Ref. [3].
The agreement found in general lines for the shapes
and strengths of the f0(500), f0(980) and a0(980) excita-
tion in this reaction adds to the long list of reactions that
give support to these resonances as being dynamically
generated from the interaction of pseudoscalar mesons.
Acknowledgments
One of us, E. O. wishes to acknowledge support from
the Chinese Academy of Science in the Program of Vis-
iting Professorship for Senior International Scientists
(Grant No. 2013T2J0012). This work is partly sup-
ported by the National Natural Science Foundation of
China under Grants No. 11565007, No. 11547307 and
No. 11475227. It is also supported by the Youth
Innova- tion Promotion Association CAS (No. 2016367).
This work is also partly supported by the Spanish
Ministerio de Economia y Competitividad and Euro-
pean FEDER funds under the contract number FIS2011-
28853-C02-01, FIS2011- 28853-C02-02, FIS2014-57026-
REDT, FIS2014-51948-C2- 1-P, and FIS2014-51948-C2-
2-P, and the Generalitat Valenciana in the program
Prometeo II-2014/068.
7[1] G. S. Adams et al. [CLEO Collaboration], Phys. Rev. D
84, 112009 (2011)
[2] P. Rubin et al. [CLEO Collaboration], Phys. Rev. Lett.
93, 111801 (2004)
[3] M. Kornicer [BESIII Collaboration], AIP Conf. Proc.
1735, 050011 (2016).
[4] J. Gasser and H. Leutwyler, Nucl. Phys. B 250, 465
(1985).
[5] J. A. Oller and E. Oset, Nucl. Phys. A 620, 438 (1997)
[Erratum-ibid. A 652, 407 (1999)].
[6] N. Kaiser, Eur. Phys. J. A 3, 307 (1998).
[7] M. P. Locher, V. E. Markushin and H. Q. Zheng, Eur.
Phys. J. C 4, 317 (1998).
[8] J. Nieves and E. Ruiz Arriola, Nucl. Phys. A 679, 57
(2000); Phys. Lett. B 455, 30 (1999).
[9] J. A. Oller, E. Oset and J. R. Pelaez, Phys. Rev. D 59,
074001 (1999) [Phys. Rev. D 60, 099906 (1999)] [Phys.
Rev. D 75, 099903 (2007)]
[10] J. R. Pelaez and G. Rios, Phys. Rev. Lett. 97, 242002
(2006).
[11] E. Klempt and A. Zaitsev, Phys. Rept. 454, 1 (2007)
[12] E. van Beveren, T. A. Rijken, K. Metzger, C. Dullemond,
G. Rupp and J. E. Ribeiro, Z. Phys. C 30, 615 (1986)
[13] N. A. Tornqvist and M. Roos, Phys. Rev. Lett. 76, 1575
(1996)
[14] A. H. Fariborz, R. Jora and J. Schechter, Phys. Rev. D
79, 074014 (2009)
[15] A. H. Fariborz, N. W. Park, J. Schechter and M. Naeem
Shahid, Phys. Rev. D 80, 113001 (2009)
[16] J. R. Pelaez, arXiv:1510.00653 [hep-ph].
[17] E. Oset et al., Int. J. Mod. Phys. E 25, 1630001 (2016)
[arXiv:1601.03972 [hep-ph]].
[18] R. Aaij et al. [LHCb Collaboration], Phys. Lett. B 698,
115 (2011)
[19] W. H. Liang and E. Oset, Phys. Lett. B 737, 70 (2014)
[20] W. F. Wang, H. n. Li, W. Wang and C. D. L, Phys. Rev.
D 91, no. 9, 094024 (2015)
[21] J. T. Daub, C. Hanhart and B. Kubis, JHEP 1602, 009
(2016) [arXiv:1508.06841 [hep-ph]].
[22] H. Muramatsu et al. [CLEO Collaboration], Phys. Rev.
Lett. 89, 251802 (2002) [Phys. Rev. Lett. 90, 059901
(2003)]
[23] J. J. Xie, L. R. Dai and E. Oset, Phys. Lett. B 742, 363
(2015)
[24] J.-P. Dedonder, R. Kaminski, L. Lesniak and B. Loiseau,
Phys. Rev. D 89, no. 9, 094018 (2014)
[25] A. Bramon, A. Grau and G. Pancheri, Phys. Lett. B 283,
416 (1992).
[26] D. Gamermann, E. Oset and B. S. Zou, Eur. Phys. J. A
41, 85 (2009)
[27] V. Bernard, N. Kaiser and U. G. Meissner, Phys. Rev. D
44, 3698 (1991).
[28] R. Molina, D. Nicmorus and E. Oset, Phys. Rev. D 78,
114018 (2008)
[29] L. S. Geng and E. Oset, Phys. Rev. D 79, 074009 (2009)
[30] J. J. Xie, W. H. Liang and E. Oset, Phys. Rev. C 93, no.
3, 035206 (2016)
[31] N. Wu, hep-ex/0104050.
[32] J. E. Augustin et al. [DM2 Collaboration], Nucl. Phys. B
320, 1 (1989).
[33] U. G. Meissner and J. A. Oller, Nucl. Phys. A 679, 671
(2001)
[34] L. Roca, J. E. Palomar, E. Oset and H. C. Chiang, Nucl.
Phys. A 744, 127 (2004)
[35] W. H. Liang, J. J. Xie and E. Oset, Phys. Rev. D 92, no.
3, 034008 (2015)
